Objective: To examine how cognitive and motor limitations in children with heart disease are associated with education and participation in extracurricular activities.
population-based estimates of the percentage of children and adolescents with CHD who experience functional limitations or need special education services. 2, 3, 6, 7 Therefore, using the National Survey of Children with Special Health Care Needs (NS-CSHCN) we examined the prevalence of functional limitations among children with special healthcare needs (CSHCN) with diagnosed heart problems, including CHD.
While this sample of children may include those with congenital and acquired heart disease, in the general population, the prevalence of congenital heart disease (1 in 110 at birth, with an estimated 85%-90% surviving into adulthood), 12, 13 far exceeds that of acquired heart disease (3 in 10,000 for rheumatic heart disease 14 to <1 in 100,000 for infective endocarditis 15 ) In particular, we focused on whether children with heart disease have more functional limitations in regard to learning/ concentration, communication, self-care, gross motor skills, and fine motor skills compared to CSHCN without heart problems. Additionally, we sought to evaluate whether these functional limitations were associated with school attendance, receipt of special education services, and participation in extracurricular activities.
| M E TH ODS
The 2009-2010 NS-CSHCN is a population-based survey of U.S. children ages 0-17 years with special healthcare needs conducted by the National Center for Health Statistics (https://www.cdc.gov/nchs/slaits/ cshcn.htm). The NS-CSHCN used a complex sampling strategy with random-digit dialing of both landline and cell phones to contact households in the 50 states and the District of Columbia. The survey is cross-sectional and children are not followed over time. Parents or guardians (hereafter referred to as parents) were asked a series of five questions about whether a child in the household used prescription medicine, had more healthcare encounters than other children their age, had limitations compared to other children their age, needed physical, occupational, or speech therapy, and/or had an emotional, developmental or behavioral problem in need of counseling or treatment. If the parent answered "yes" to any one of the five questions above, the parent was asked two additional questions on whether the specific healthcare need arose from a medical, behavioral, or other health condition and whether that condition had lasted or is expected to last 12 months or longer. If the parent answered "yes" to both of the two additional questions, then the child was considered to have a special healthcare need and was eligible for inclusion in NS-CSHCN. If more than one CSHCN resided in the household, the interviewer would randomly select one child as the focus of the interview.
A parent of a CSHCN was asked whether his/her child has ever been diagnosed with "a heart problem, including congenital heart disease," excluding "harmless or innocuous heart murmurs" (yes/no). A "heart problem" may include both congenital and acquired heart diseases, as well as syndromes affecting the heart. CHD has a birth prevalence of about 1 per 110 children, 12 while acquired heart diseases, such as rheumatic heart disease, 14 Kawasaki disease, 16 cardiomyopathy, 17 and infective endocarditis, 15 all have prevalence estimates between 3 per 10,000 to <1 per 100,000, and 22q11.2 deletion syndrome, 1 in 4,000 (https://ghr.nlm.nih.gov/). We hereafter refer to these children as having "heart disease."
Parents were also asked whether their child's condition(s) "affects his/her ability to do things other children do," and about whether the child "experiences a lot, a little, or no difficulty" with "learning, understanding, or paying attention" (learning/concentration), "speaking, communicating, or being understood" (communication), "taking care of him/ herself" (self-care), "coordination" (gross motor skills), and "using his/ her hands" (fine motor skills). In addition, parents with children aged 5 years and older were asked the number of school days the child missed in the past year (dichotomized as <11 and 11 days as a marker of absenteeism affecting school performance), 18 We limited this analysis to children aged 6-17 years because some 5-year-olds have not reached school age. Among children 6-17 years, we examined differences in demographic characteristics by heart disease status. Among the same groups, we examined differences in the ability to do things other children do and the five functional limitations listed above using chi-square tests and multinomial logistic regression.
Among CSHCN with heart disease, we examined differences in days of school missed in the past year, receipt of special education services, and interference with extracurricular activities, by level of difficulty with functional area. In sensitivity analyses, we excluded individuals with Down syndrome and, separately, we stratified analyses by age group (6-9, 10-13, 14-17 years) because type of heart disease and functional limitations may differ by age. All analyses were conducted in SUDAAN to account for complex sampling design and weighted to provide population-based estimates.
| RE S U L TS
In Down syndrome was reported by 130 CSHCN with heart disease (7.3%) and 149 CSHCN without heart disease (0.5%).
The majority of CSHCN with heart disease were non-Hispanic white (62%), had private insurance (60%), had a family member with more than a high school education (67%), had married parents (61%), and did not have a medical home (64%). CSHCN with heart disease, compared to those without, respectively, were more commonly female (48.6% and 39.9%) and less likely to have a medical home (35.9% and 43.2%) than CSHCN without heart disease (chi-square P-value <.05 for both). Age, race/ethnicity, household income as a percent of the federal poverty level, child's insurance coverage, highest educational level in household, and parental marital status did not differ between CSHCN with heart disease and those without (chi-square P-value .05 for all).
A larger percentage of CSHCN with heart disease, compared to those without, respectively, had parents who said their child's condition(s) always (27% and 14%) or usually (14% and 10%) affected his/ her ability to do things other children their age do (P < .001; Figure 1 ).
CSHCN with heart disease, compared to those without, had parents who said their child more commonly had "a lot" of difficulty in the five functional areas (P < .01; Figure 2 ). Among CSHCN with heart disease, "a lot" of difficulty with learning/concentration was most common (35%), followed by communication (21%), self-care (14%), gross motor skills (12%), and fine motor skills (10%).
In all age groups, having heart disease was associated with not being able to do things other children do, although this association was strongest among those aged 14-17 years. Among CSHCN aged 6-9 years and 10-13 years, respectively, those with heart disease, compared to those without, had 3.0 (95% CI: 1.8, 4.9) and 2.0 (95% CI: 1.2, 3.4) times the odds of their condition always affecting their ability to do things other children do (Table 1 ). In CSHCN aged 14-17 years, those with heart disease, compared to those without, had Among CSHCN with heart disease, 27% missed 11 days of school in the past 12 months, 45% received special education services, and 49% experienced interference with participation in extracurricular activities (Table 2) ; these percentages were significantly higher than those among CSHCN without heart disease (15%, 29%, and 29%, respectively, P < .01 for all). Level of difficulty with learning/concentration, self-care, gross motor skills, and fine motor skills was associated with missing 11 days of school (P < .05 for all); among CSHCN with heart disease who had "a lot" of difficulty in these four functional areas, 36% to 46% reported missing 11 days of school, compared to 20% to 24% of CSHCN with heart disease who had no difficulty. Level of areas was associated with receipt of special education services (P < .0001 for all). Among CSHCN with heart disease who had "a lot"
of difficulty with the five functional areas, 70% to 83% received special education services, compared to 15% to 34% of CSHCN with heart disease who had no difficulty. Level of difficulty in the five functional areas was associated with interference with extracurricular activities (P < .01 for all). Among CSHCN with heart disease who had "a lot" of difficulty with the five functional areas, 62% to 80% experienced interference with participation in extracurricular activities, compared to 38% to 44% of CSHCN with heart disease who had no difficulty (P < .001 for all). Neither excluding the 279 CSHCN with Down syndrome from the analysis nor stratifying by age group affected prevalence estimates for missed school days, receipt of special education services, or participation in extracurricular activities.
| D ISC USSION
This is the first population-based study to our knowledge on functional limitations, educational needs and participation in extracurricular activities among school-aged CSHCN with diagnosed heart disease. We found that for 40% of CSHCN with heart disease, their condition always or usually prevented them from doing things other children do, and CSHCN with heart disease experienced a greater level of difficulty with learning/concentration, communication, self-care, gross and fine motor skills than CSHCN without heart disease. CSHCN with heart disease also missed more days of school, more commonly received special education services, and participated less in extracurricular activities than CSHCN without heart disease. Among CSHCN with heart disease, these outcomes were more common among those with functional limitations. While a large percentage of CSHCN with heart disease and functional limitations received special education services, up to 30% with "a lot" of difficulty in one or more functional areas reported not receiving special education services. It is unknown what percentage of children in this sample have CHD, acquired heart disease, or syndromes affecting the heart, but based on published population estimates, the large majority likely have CHD.
These parent-reported results on functional limitations are consistent with previous literature, based on results of assessment tools and validated questionnaires, which report a higher level of cognitive and motor limitations among children with CHD. 5, 8, 11, 20, 21 While some studies, 8, 22 but not all, 11, 20 have found intelligence is generally within the normal range for individuals with CHD, studies show that executive functioning, problem solving, memory, and attention are impaired more often in children and adolescents with CHD as compared to healthy population controls 5, 8, [21] [22] [23] [24] [25] and siblings. 20 Researchers have found delayed language development in toddlers with CHD, 10 compared to population means, which might be due to decreased brain white matter volume. 26 Delays in gross and fine motor development have also been reported more commonly in toddlers 23, 27, 28 and young children 29 with CHD compared to healthy controls, siblings/twins, and population norms. Delays in motor skills have been associated with longer cumulative hospital stays, 29 younger gestational age at birth, 8 univentricular CHD anatomy, 28 and genetic or extracardiac anomalies. 23 Additionally, functional limitations among individuals with CHD seem to persist into adulthood, with reported increased prevalence of cognitive difficulties as well as deficits in visuospatial skills and working memory. 30, 31 Adults with more severe CHD are also more likely to be unemployed and receive disability benefits.
30
Of the limited published studies on associations between acquired heart diseases, specifically Kawasaki disease, and cognition and attention disorders, none found statistically significant associations. 32, 33 Heart-related syndromes, such as 22q11.2 deletion syndrome, are associated with a higher risk of developmental delays, learning disabilities, attention deficit hyperactivity disorder, and autism spectrum disorder (https://ghr.nlm.nih.gov).
Children with CHD, compared to those without, are also more likely to receive special education services, 3, [6] [7] [8] 35 and special education services may prevent or mitigate functional limitations in children with heart disease and improve educational and social outcomes.
There are several limitations in the current analysis. All information is based on parent report; however, parent report of children's medical conditions has been shown to correlate well with medical record data in one study. 40 As stated earlier, "diagnosed heart problem" is a heterogeneous group, comprised of children with congenital and acquired heart problems and syndromes, the percentages of which in our parent-reported data are unknown. However, the prevalence of congenital heart disease (1 in 110 at birth, with an estimated 85%-90% surviving into adulthood), 12, 13 far exceeds that of acquired heart diseases (prevalence of 3 in 10,000 for rheumatic heart disease, 14 incidence of 21/100 000 for Kawasaki disease, and incidence of <1 in 100 000 for infective endocarditis 15 ) Therefore, the sample is likely largely children with CHD. These results are generalizable to CSHCN only, and not to all children with heart disease. Additionally, we excluded 10% of the eligible individuals due to missing data, and heart disease status did not differ among individuals included and excluded from the analysis. Additionally, the results did not change substantially when excluded individuals were included in unadjusted models. Finally, CSHCN with heart disease, compared to those without, were more commonly female and less likely to have a medical home. We adjusted for these differences in multivariable models. Even with the limitations above, this analysis is one of the first to examine the U.S. prevalence of functional limitations among school-aged CSHCN with diagnosed heart disease and their associations with school absenteeism, receipt of special education services, and participation in extracurricular activities.
| C ONC LUSI ON
Our results show that CSHCN with diagnosed heart disease experience more functional limitations and educational challenges than CSHCN without heart disease. These results support the American Heart Association recommendation to screen children with CHD for ageappropriate development, starting early in life and continuing throughout school age and adolescence, and provide preventive and/or therapeutic services for those in need. 4 
